The only evidence that a gene product of 4X174 is involved in the regulation of phage transcription was presented by Clements and Sinsheimer (1974) for gene D. I found, in attempting to investigate this possibility further, that the D protein had no regulatory effect. When the D protein was eliminated by various nonsense mutations, all other phage proteins were synthesized at rates nearly identical to the wild-type control. There was also no significant difference in the amount of phage-specific RNA synthesis as a proportion of the total RNA synthesis when the D mutants were compared with wild type. No evidence was detected for a polar effect of gene D nonsense mutants on the expression of genes F, G, and H. The relative molar rates of synthesis of D, F, G, and H synthesized during a normal infection were 29, 4.9, 3.3, and 1.0, respectively, with an accuracy of ±20%.
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The circular genomes of the closely related translation. In 1974 Clements and Sinsheimer single-stranded small DNA phages OX174 and (8) proposed, from a study of gene D mutants, S13 probably code for no more than 10 proteins that a normal gene D product exerts a positive (reviewed by Denhardt [9] ). One of these pro-regulatory role in controlling phage transcripteins, the product of gene D, appears to be tion. They suggested that the D protein acted to synthesized in larger molar amounts relative to unwind the replicative-form (RF) DNA to enthe others (see Results). The role that this pro-hance phage transcription, an analogy to the tein plays during the course of infection is not duplex-denaturing property of the gene 5 proyet understood, although several possibilities tein of M13 (1). I have tested their proposal for have been proposed. gene D function and have found that when the The D protein is needed for progeny single-D protein is missing due to an amber mutation, stranded DNA synthesis (15). It has not been the rates of synthesis of phage proteins at difdetected as a part of the mature phage capsid ferent times after infection and the amounts of (7, 11; T. J. Pollock, unpublished observation phage-specific RNA hybridizable to RF DNA on S13). Weisbeek and Sinsheimer (25) lysates of all stocks were prepared as described pre-used in all experiments. Binding to blank filters viously (22) . All lysates were dialyzed extensively (determined for each DNA extract by including a against 0.05 M ammonium acetate, pH 8.0. Plating blank filter sector in each hybridization vial) never procedures have been described (22) . exceeded 0.7% of the RF-bound radioactivity. The Labeling of proteins and preparation of extracts. incorporation of [3H]uridine into infected whole A culture of AP1 was grown to 2 x 108/ml at 370C in cells, extracted RNA, and the input radioactivity for M9 inorganic salts (3) supplemented with glucose to hybridization were determined by precipitation with 0.4% and FeCl3 to 1 x 10-5 M. MgSO4 was added to ice-cold 5% trichloroacetic acid, followed by filtra-10-2 M, and the cells were infected with the appro-tion onto glass-fiber filters (Whatman GF/C) and priate phage to give a multiplicity of infection of 10 liquid scintillation counting of the dried filters in PFU/cell. At different times after infection, 1.0-ml toluene-[1,4-bis-2-(4-methyl-5-phenyloxazolyl)-bensamples were transferred to tubes prewarmed to zene]-PPO (2,5-diphenyloxazole) (from Mallinckrodt, 37°C containing 10 ,uCi of [3H]lysine (60 Ci/mmol, Packard, and Amersham/Searle, respectively). The 500 ,uCi/ml, Schwarz/Mann). The samples were hybridization filters (Schleicher & Schuell, B-6) pulsed for 1 min and then placed in an ice bath. were also counted in this scintillation solution. Under these conditions 2 x 108 infected cells exhaust the radioactive lysine only after 4 min of incorpora-RESULTS tion. The cells were collected by centrifugation in the cold, the supernatant was removed by aspiraIdentification of 4X174 proteins on SDStion, and the cells were suspended in 0. Eppendorf microtubes and addition of 10 ,1. of glyc-on SDS-polyacrylamide cylindrical gels by comerol containing bromophenol blue as a tracking dye, paring protein extracts of cells infected with each tube was placed in a boiling bath for 2 min and wild-type phage to those of amber mutants in then blended in a Vortex mixer to reduce the viscos-particular genes (7, 11). When a slab-gel system ity. fected with wild-type 4X174 or amber muThe slab was processed for fluorography (5) and tants of gene D. Samples of infected cultures exposed to sensitized X-ray film (13) for 2 to 12 h. were pulse-labeled with [3H]lysine for a duraThe amounts of radioactivity were measured by tion of 1.5 min centered at 4, 8, 12, and 16 min scanning the developed film with a microdensitome-after infection. The crude extracts were immeter (Joyce Loebl Mark IIIC). The film sensitization diately subjected to electrophoresis on an SDSincreased the background optical density of the film polyacrylamide slab gel to separate the phage at 600 nm by about 0.1 and, as a result, the subse-proteins. The slad g e d noprior treatquent film darkening caused by the tritium decay proteins The cells had received no prior treatwas linearly proportional to exposure times and ment with UV or mitomycin C, although the amounts of radioactivity (volume layered). Dupli-host strain used happened to be an Hcr derivacate cultures show that the overall reproducibility of tive of E. coli C. As can be seen in the densitothese procedures for determining rates of protein metry tracings of Fig. 1 for both amDlO and synthesis is very good; corresponding peak heights wild-type phage infections, the phage-specific usually vary by no more than 5%. proteins become visible above the background Detection of phage RNA. The OX174 RF used for of host products by 8 min after infection. Usuhybridization was generously provided by Robert C. ally in untreated cells grown at 3700, the phage Warner. Labeling and extraction of RNA and DNA-proteinsntreaedent grown afteinfe RNA filter hybridization were carried out as de-proteinS are evident by 5 mo after infection, scribed by Puga and Tessman (17). From kinetic and the rate of synthesis of each increases coorexperiments, they determined the amount of dena-dinately to a maximum level by about 12 to 14 tured RP and the time of incubation necessary for min and then diminishes slightly until lysis hybridization saturation. Twice those levels were begins (unpublished observations). relatively low in leucine. The molecular Relative molar synthesis rates for phage weights for proteins D, F, G, and H were taken proteins D, F, G, and H. By considering the as 14,500, 50,000, 21,400, and 38,000, respecamino acid compositions, the radioactive amino tively (23) . From the areas under each peak acid used for labeling, the molecular weight of (measured with a Hewlett-Packard model each protein, and the relative incorporation 9864A Digitizer) the relative molar raes ofsynrate of the labeled amino acid into phage pro-thesis for each protein were found to be (within of culture from 15 to 17 min after infection. The combination between amD10 and amE3 yielded labeled proteins were analyzed as in Fig. 1 ; 0 marks an am+ frequency of 9 x 10-4. This was sixfold the origin.
greater than in the absence of UV and 400-fold min) for a pulse of 1 min. The labeling was quickly terminated by adding 1 ml of an ice-cold solution containing 6 x 109 washed AP1 carrier cells, 0.05 M Tris (pH 8), 0.05 M sodium azide, chloramphenicol at 400 ,ug/ml, and unlabeled uridine at 200 ,ug/ml. The sample was lysed, DNase treated, chloroform-phenol extracted, and ethanol precipitated as described by Puga and Tessman (17). At least 99% of the trichloroacetic acid-insoluble counts per minute remaining were RNase A sensitive. The number of trichloroacetic acidinsoluble counts was determined both on the washed cells and also after phenol extraction of the RNA and expressed as total absolute counts incorporated by the 1-ml sample of each culture. Table 2 ). The first type, D10+E3+-1, appears ber (10) was unable to demonstrate any binding identical to a wild type provided by Marie Hay-affinity for purified D protein to single-or douashi and grows on C520, C, and Y6R at either 37 ble-stranded kX174 or to calf thymus DNA and or 42°C. The second type, D10+E3+-2, shows described in considerable detail the physical plating deficiencies on Y6R at 37 and 42°C and dissimilarity between the proteins coded by on C at 42°C. These properties are also associ-kX174 gene D and M13 gene 5. ated with the amD10 parent, suggesting that a First I examined the possibility that the second-site mutation is carried by amD10. kX174 D protein has regulatory properties at Since the translational pattern on gels is like the transcriptional level of phage development wild type during infection by either D10+E3+-1 by measuring the kinetics of synthesis of all the or D10+E3+-2, it appears that the amD10 phage, other proteins (A, B, C, F, G, and H) when the in addition to the suppressible amber mutation D protein was absent due to a nonsense mutain gene D, probably also contains a missense tion in that gene. Surprisingly, all the other mutation that is conditionally lethal at high proteins were synthesized by the gene D mutemperature.
tant at rates comparable to the wild-type con- Table 2 also shows the plating properties of trol throughout the infection. an am+ revertant of amD10. This phage fell
Although it seemed unlikely that normal into the D10+E3+-2 group since it plated poorly amounts of proteins would be made in infecon Y6R at 37 and 42°C. This is consistent with tions with the gene D nonsense mutants if the presence of a second-site temperature-sensi-there was a fivefold deficiency in phage-specific tive mutation in amD10, but the possibility RNA as reported by Clements and Sinsheimer that amD10 reverted to a temperature-sensi- (8) 
